SUMMARY It has recently been postulated that dietary fibre acts as a substrate for colonic flora, and that the resultant microbial growth bulks the faeces. Antimicrobial therapy was used in this study to assess the effect of reduction in colonic microbial proliferation on faecal output in human subjects on a constant dietary fibre intake. Six healthy young male subjects were maintained on constant daily diets and metronidazole (1 g/day) and ampicillin (1 g/day) were administered in divided doses for one week after an initial baseline study period of two weeks. After antimicrobial therapy, mean faecal weights rose from 176-0±27*0 g to 348-1±37-7 g/day. Faecal solids increased from 32.9±4*2 g to 46.1 ±58 g/day. Faecal neutral detergent fibre increased from 1-92±042 g to 15-19±2'58 g/day. The mean transit times and mean daily faecal nitrogen remained the same, both before and after treatment. Substantial breakdown of dietary fibre occurs in the human colon which may decrease faecal bulk, suggesting that water holding by dietary fibre is probably of greater importance for faecal bulking.
Dietary fibre is an important constituent of the diet which affects large bowel function by causing an increased faecal output.' An earlier hypothesis implied that fibre by resisting digestion, passes through the human gut and bulks the faeces by holding water within its cellular structure. 2 The in vitro water holding ability of different fibres does not correlate with the effects the same fibre has on colonic function.3 A recent assessment of the microbial content of human faeces has indicated that bacteria represents a high proportion of faecal mass.4 Hence, it has been postulated that many types of fibre act as substrates for colonic flora and the resultant increased microbial growth bulks the faeces.5 Studies carried out by us have also tended to support the latter hypothesis as restriction of protein in the diet which limits nitrogen availability influences bacterial growth and reduces faecal output.6 Because a part of the fibre in the diet bulks the faeces by enhancing microbial proliferation, any factor that affects microbial growth should alter the degree of faecal bulking achieved and hence the transit. Therefore, we designed this study to look at the effect of reduction in microbial numbers by antimicrobial therapy on faecal output in human subjects on a constant dietary fibre intake.
Methods

SUBJECTS
Six, young, healthy male subjects, aged between 18 and 25 years, were admitted to a metabolic facility and maintained on controlled diets for 24 days. All subjects had been screened for gastrointestinal disease, had been free of any illness for six months preceding the study, had no history suggestive of gastrointestinal dysfunction and stool examinations were negative for parasites.
DIETS
During the initial eight days, the subjects were equilibrated on individual diets, which were then kept constant throughout the rest of the study period. The diet provided a constant energy, constant protein, and constant dietary fibre intake per individual per day. This was confirmed by the subjects weighing their intake of food every day of the study period. Dietary intakes of the various constituents were assessed using food composition tables7 8 After recording faecal weights, the faeces collected over the last four days of the control period and the last four days of antimicrobial treatment were homogenised in deionised water. Aliquots of the samples were frozen and stored at -20°C for further study. Faecal solids were estimated by drying the sample in a hot air oven to 105°C for 24 hours followed by repeated weighing to constant weight. Faecal water (% moisture) was estimated using wet weight and dry weight of the sample.
NEUTRAL DETERGENT FIBRE (NDF) AND ASH
The neutral detergent fibre in homogenised faeces was estimated using the method of Goering and Van Soest. 13 The samples were refluxed with neutral detergent solution and filtered under vacuum. The filtrate was treated with acetone and dried in an oven at 105°C for 24 hours, followed by weighing of the hot sample. After extraction, this fibre was ashed at 550°C in a muffle furnace.
FAECAL AND URINARY NITROGEN Nitrogen (N) estimation was carried out on each of the samples using the micro-Kjeldahl technique.14 The sample digested in concentrated H2SO4 was steam distilled and the effluent ammonia was trapped in boric acid and titrated against dilute H2SO4. The same procedure was followed for urinary N estimation, from stored aliquots of 24 hour urine collections made throughout the study period.
Ethical approval and informed consent was obtained for the study.
STATISTICAL ANALYSIS
Results are expressed as means plus or minus one standard error (mean±SEM). Statistical evaluation of data was done using Student's t test and values were considered significant if p<005.
Results
DIETARY CONSTITUENTS
The daily intake of the various dietary constituents per day, during the study were as follows: energy intake: 2548±162 Kcal (108±0-7 MJ); protein intake: 740+±5O0 g; fat intake: 906±2.8 g; dietary fibre intake: 18-3±1-1 g (non-cellulosic polysaccharide 12-6±0-8 g, cellulose 4-6±0.2 g, lignin 1 1±0-05 g). Daily intake of egg, meat or fish, milk and milk products contributed to the protein and fat intake. While vegetables and fruits accounted for 36% of the daily fibre intake, cereals, and lentils (pulses) provided 41% and 12% respectively.
FAECAL WEIGHTS
After antimicrobial therapy, mean faecal weights over a week rose in all six subjects, from a mean daily output of 176-0±27*0 g (range 117.7 to 296 5 g per day) to 348*1±37.7 g (range 250*0 to 4908 g per day); a significant increase (p<0O001) of 198%.
TRANSIT TIMES Changes in transit times were not significant; the average transit time before treatment was 30-3±3-2 h and after, was 32-8±4.3 h. While an increased transit time was seen in three of the subjects, a decrease was seen in the rest. Table) . The increase of neutral detergent fibre in the faeces after metronidazole and ampicillin when intake of fibre is unaltered suggests that bacterial degradation of fibre has possibly a negative role to play in faecal bulking, because faecal weights are much larger if colonic flora are prevented from digesting the available fibre. Faecal solids increased significantly after antimicrobial treatment; this is because of an increase in the neutral detergent fibre content of the faeces. Increase in dietary fibre intake increases faecal nitrogen as a result of an increased microbial cell output. Antimicrobial therapy need not result in a decrease in faecal nitrogen excretion because the increase in faecal bulk due to undegraded fibre is likely to increase the excretion of soluble non-bacterial forms of nitrogen in the faeces, as is seen when magnesium sulphate is used to induce a cathartic effect similar to lactulose. 22 23 The transit times of our subjects did not show any significant change with increase in faecal weight though faecal weights and mean transit times are generally inversely and exponentially related. 24 25 The baseline mean faecal weights of our subjects are high and on the asymptotic phase of the curve26 and hence a further increase in faecal weight is therefore unlikely to decrease the mean transit times. Transit time also modifies the colonic response to diet. Increments in fibre intake increased faecal weight to a greater extent in those subjects who had the fastest transit time to begin with.27 Faecal excretion of cellulose varied with the transit time, being higzhest in individuals with the shortest transit time.8 It seems likely that with a short transit time, fibre metabolism is far from complete, and the undegraded fibre has a major role to play in faecal bulking. In high transit states, faecal bulk is low,25 and this is probably secondary to bacterial metabolism of fibre. It has also been shown that the degree of fibre degradation can be altered by changing the transit time.21 Metabolism of about 20 g dietary fibre per day yields around 200 mmol of short chain fatty acids (SCFA's),29 the absorption of which is associated with a secondary absorption of water (100 mmol SCFA absorbed with 360 ml water) and electrolytes.30 Degradation of fibre may thus contribute less to faecal bulking since the increment in faecal mass achieved by bacteria and bacterial water may be more than compensated by the loss of water secondary to SCFA absorption as well as reduction in the quantity of water holding fibre in the faeces.
Two mechanisms do exist to explain how dietary fibre bulks colonic contents and faeces and the predominance of one or the other depends on the type of dietary fibre and the extent to which it is degraded in the human colon. Water holding in vivo by undegraded fibre seems to be the more effective mechanism of faecal bulking than the role of bacterial mass consequent to bacterial degradation in low transit states. It may thus appear that the transit time of an individual may be the prime factor that determines faecal weight as well as colonic response to change in intake of dietary fibre, which may explain the low transits and high faecal weights reported from the tropics. 26 This study was supported by the Medical Research Centre, Bombay Hospital Trust, Bombay. We would like to thank Dr J H Cummings, MRC Dunn Clinical Nutrition Centre for the supply of radioopaque markers.
